Purpose: Computerized tomography urogram is recommended when investigating patients with hematuria. We determined the incidence of urinary tract cancer and compared the diagnostic accuracy of computerized tomography urogram to that of renal and bladder ultrasound for identifying urinary tract cancer. Materials and Methods: The DETECT (Detecting Bladder Cancer Using the UroMark Test) I study is a prospective observational study recruiting patients 18 years old or older following presentation with macroscopic or microscopic hematuria at a total of 40 hospitals. All patients underwent cystoscopy and upper tract imaging comprising computerized tomography urogram and/or renal and bladder ultrasound. Results: A total of 3,556 patients with a median age of 68 years were recruited in this study, of whom 2,166 underwent renal and bladder ultrasound, and 1,692 underwent computerized tomography urogram in addition to cystoscopy. The incidence of bladder, renal and upper tract urothelial cancer was 11.0%, 1.4% and 0.8%, respectively, in macroscopic hematuria cases. Patients with microscopic hematuria had a 2.7%, 0.4% and 0% incidence of bladder, renal and upper tract urothelial cancer, respectively. The sensitivity and negative predictive value of renal and bladder ultrasound to detect renal cancer were 85.7% and 99.9% but they were 14.3% and 99.7%, respectively, to detect upper tract urothelial cancer. Renal and bladder ultrasound was poor at identifying renal calculi. Renal and bladder ultrasound sensitivity was lower than that of Accepted for publication April 11, 2018. No direct or indirect commercial incentive associated with publishing this article. The corresponding author certifies that, when applicable, a statement(s) has been included in the manuscript documenting institutional review board, ethics committee or ethical review board study approval; principles of Helsinki Declaration were followed in lieu of formal ethics committee approval; institutional animal care and use committee approval; all human subjects provided written informed consent with guarantees of confidentiality; IRB approved protocol number; animal approved project number.
HEMATURIA is a cardinal clinical symptom with an associated risk of urinary tract cancer. The risk of malignancy in patients who present with macroscopic hematuria is 20.4% and in comparison the risk of malignancy is 5.2% in patients who present with microscopic hematuria. 1 Bladder cancer is the most common cancer detected in microscopic hematuria cases, accounting for 4.8% of those investigated, while renal cancer and UTUC are less common with an incidence of 0.3% and 0.1%, respectively. 1 Recommendations on who should be investigated for microscopic hematuria differ across guideline bodies. 2 While there is a resounding consensus that cystoscopy remains the investigation of choice to visualize the bladder, there is a lack of consensus on the optimal upper tract imaging. RBUS and CTU are the most commonly used imaging modalities. The AUA recommends performing CTU for macroscopic and microscopic hematuria while the United Kingdom NICE (National Institute for Health and Care Excellence) and the ACP (American College of PhysiciansÒ) do not specify a recommended imaging modality. 3e5 Similarly the role of upper tract imaging in patients newly diagnosed with bladder cancer also differs among guidelines. 6 CTU has the highest diagnostic performance for identifying upper tract disease. A meta-analysis suggested that CTU achieves 93% sensitivity and 99% specificity for UTUC. 7 However, the diagnostic performance of CTU should be balanced against the risk due to intravenous contrast medium. Intravenous contrast administration is associated with a 3% risk of contrast induced nephropathy in patients at high risk, defined as an estimated glomerular filtration rate of 30 to 59 ml/minute/1.73 m 2 . Prophylaxis hydration was shown to be ineffective. 8, 9 In addition, exposure to ionizing radiation is carcinogenic and there is a risk of anaphylactic reaction, although it is rare. 10, 11 The DETECT I study (ClinicalTrials.gov NCT02676180) is a prospective, multicenter, observational study prospectively recruiting patients referred from primary care physicians to urology departments for investigation following the presentation of hematuria. 12 We report the incidence of upper tract disease and bladder cancer in patients with macroscopic and microscopic hematuria as well as the diagnostic ability of CTU and RBUS to identify upper tract cancer to determine whether CTU can be safely replaced by RBUS in patients who present with microscopic hematuria.
PATIENTS AND METHODS
Between March 2016 and June 2017 DETECT I recruited patients from 40 hospitals throughout the United Kingdom with 1-stop hematuria investigation clinics. All patients were referred to secondary care following presentation with hematuria. Macroscopic hematuria was defined as visible hematuria reported by the patient or the primary care physician. Microscopic hematuria was defined as 1 or greater red blood cells on urine dipstick on 2 or more occasions. 13 The study inclusion criterion was male or female patients 18 years old or older who were willing to provide consent. All patients underwent cystoscopy and upper tract imaging within 12 weeks after study registration. Determining the diagnostic accuracy of RBUS and CTU represents a post hoc analysis.
The study protocol was approved by Health Research Authority, North West Liverpool Central Research Ethics Committee, on March 2016 (Integrated Research Application System Project ID 179245, Research Ethics Committee reference 16/NW/0150). The full study protocol has been previously described. 12 Medical history was obtained and physical examination was performed in all patients. Patient demographics were collected, including age, gender, occupation, ethnicity and smoking history. Patients with a suspicion of bladder cancer underwent transurethral resection of bladder cancer or bladder biopsy under general anesthesia. The reference standard for bladder cancer was histopathological examination as classified according to the WHO TNM tumor classification. 14 Bladder cancer was risk stratified based on clinicopathological features in the EAU (European Association of Urology) risk classification. 15 Upper tract imaging comprised 1 or more radiological imaging modalities, including CTU and/or RBUS.
DETECT I is a pragmatic, observational design study. The choice of upper tract imaging and the decision to perform more than 1 imaging modality was determined according to local hospital guidelines. Renal cancer and UTUC were confirmed by histopathological examination when nephrectomy or renal biopsy was performed except in a small number of renal cancers, which were treated with active surveillance without biopsy. Renal calculi diagnosed on CTU served as the reference standard.
Continuous data, including the mean, median, IQR and 95% CI, are reported using descriptive statistics. Categorical variables were compared by the chi-square test. The t-test was applied to compare continuous variables. A normal distribution was assumed. The sensitivity, specificity, PPV and NPV of correctly identifying bladder or upper tract cancer were calculated. IBMÒ SPSSÒ, version 22 was used to perform all statistical analysis. Statistical significance was considered at p <0.05.
This report adhered to the STROBE (Strengthening the Reporting of Observational studies in Epidemiology) guidelines. This study was registered with ClinicalTrials. gov (number NCT02676180).
RESULTS

Patient Demographics
The figure shows a flow diagram of the 3,556 patients with a median age of 68 years (IQR 57e76) who were recruited in the study. The supplementary table (http://jurology.com/) lists patient demographics.
The overall incidence of urinary tract cancer was 10.0%, including 8.1% for bladder cancer, 1.0% for renal cancer and 0.5% for UTUC. RBUS was performed in 2,166 patients (60.9%) and CTU was done in 1,692 (47.6%). In 475 patients (13.2%) RBUS and CTU were performed.
Urinary Tract Disease Incidence
The supplementary table (http://jurology.com/) shows the incidence of urinary tract cancer and renal stones stratified by the presentation of microscopic and macroscopic hematuria. Overall 33 patients (2.7%) investigated for microscopic hematuria had a diagnosis of bladder cancer, 5 (0.4%) had renal cancer and 55 (4.4%) had renal calculi. No patient with nonvisible hematuria was diagnosed with UTUC.
By comparison patients with macroscopic hematuria had a higher incidence of urinary tract disease than those with microscopic hematuria. Of the patients investigated for macroscopic hematuria 255 (11.0%) had bladder cancer, 32 (1.4%) had renal cancer and 18 (0.8%) had a diagnosis of UTUC. A diagnosis of renal calculi was confirmed in 215 patients (9.3%). The sensitivity and NPV of cystoscopy could not be determined because patients with normal flexible cystoscopy findings were discharged home without followup cystoscopy. Using histopathological confirmation of tumor as the reference the specificity of flexible cystoscopy was high at 98.3% with a PPV of 84.0%.
DISCUSSION
We report that the incidence of upper tract cancer in patients who presented with hematuria was low. Upper tract cancer was identified in 50 patients (2.2%) who presented with macroscopic hematuria, of whom 1.4% had renal cancer and 0.8% had UTUC, and in 5 patients (0.4%) who presented with microscopic hematuria, including renal cancer in 0.4% and UTUC in 0%. RBUS can identify suspicious renal cancer. One cancer was misclassified as UTUC for a sensitivity of 92.9%. However, RBUS only had 62.5% sensitivity to identify suspected UTUC, including 3 cancers diagnosed as renal cancer and 1 UTUC which was renal cancer on histology. RBUS missed 3 of 8 UTUC cases. The fact that no UTUC was identified after a presentation of microscopic hematuria suggests that RBUS should be done to assess the upper urinary tract in patients who present with microscopic hematuria.
The role of cystoscopy to diagnose bladder cancer remains the gold standard. Cystoscopy has 98.3% specificity and 83.9% PPV. 16 Conventional imaging modalities cannot replace cystoscopy. Even after excluding suboptimum scans the accuracy of RBUS to detect bladder cancer was poor with 63.6% sensitivity and 99.3% specificity. CTU had a higher diagnostic accuracy to identify bladder cancer, including 83.6% sensitivity and 97.0% specificity, but it was not sufficient to replace cystoscopy. It was estimated that the incidence of microscopic hematuria is as high as 2.5% of the population and it increases to as high as 18% in male patients 70 years old or older. 17, 18 However, most of these cases do not have a sinister identifiable cause of microscopic hematuria. CTU was shown to be superior to RBUS for identifying UTUC. 1, 7 RBUS may miss ureteral tumors too small to cause luminal occlusion. In turn this results in a false-negative finding because no hydronephrosis is identified, which would otherwise prompt further imaging. The operator dependent nature of RBUS may also miss small renal pelvis UTUCs. While CTU is superior for identifying UTUC, the risk of UTUC in patients who present with microscopic hematuria is rare, suggesting that there is no benefit for CTU over RBUS. 7 RBUS was shown to detect renal cancer with high sensitivity, although 14 cases had false-positive results. In these false-positive cases a second scan would be done, typically renal protocol CT, which would better characterize the renal mass. Thus, the approach to cystoscopy with RBUS instead of CTU to investigate the upper tract of patients who present with microscopic hematuria should be the preferred upper tract imaging of choice.
We acknowledge that RBUS has poor sensitivity for identifying renal calculi. Therefore, we propose that patients who present with symptoms suggestive of renal colic such as flank pain would benefit from RBUS with noncontrast CT of the kidneys, ureters and bladder or CTU. We acknowledge that replacing CTU with RBUS in patients with microscopic hematuria would potentially miss asymptomatic renal calculi when no hydronephrosis presents with microscopic hematuria. We believe that such patients would be uncommon and identifying them would be at the expense of subjecting a high number to CTU which would yield negative results.
In an ideal world all patients should be investigated with the best diagnostic test available. However, the risk of adverse events, the low disease incidence in the specific patient cohort and the high cost of diagnostic testing suggest that this may not be warranted. Cases of microscopic hematuria have a 0% disease specific incidence of UTUC and are below the 3% threshold for diagnostic investigation used by the NICE (National Institute for Health and Care Excellence) and the 1% suggested by the AUA. 3, 4 Additionally, while the risk of an adverse reaction to iodinated contrast medium is low, it can be life threatening. 11 The ionizing radiation from CTU is 4 mSv, which is 200 times that of a standard chest x-ray. 19 Also, cumulative exposure to ionizing radiation was shown to account for 0.6% to 0.9% of diagnosed cancers. 10 Further, cost-effectiveness analysis recommended performing RBUS instead of CTU to evaluate patients with microscopic hematuria. 20 A comparison of 4 diagnostic approaches, including CT alone, cystoscopy alone, CT with cystoscopy and RBUS with cystoscopy, suggested that the combination of RBUS with cystoscopy represents the most cost-effective combination at $53,810 per each cancer detected. Replacing RBUS with CTU would cost $6,480,484 per each cancer identified. It was estimated that using RBUS instead of CTU would result in a cost savings of $390 million, which is much needed in an era of escalating health care cost. 21 The role of cystoscopy to visualize the bladder remains the gold standard. Even after excluding suboptimal scans a patient with a normal CTU or RBUS still requires cystoscopy due to the high risk of false-negative findings. This is similar to the diagnostic ability of FDA (Food and Drug Administration) approved urinary biomarkers to detect bladder cancer, which have a reported sensitivity of 57% to 82% and a specificity of 74% to 88%. 22 While larger tumors would be easily identifiable, smaller tumors might be missed. It is likely that optimized CTU with the bladder well distended and contrast material which fully opacifies the bladder lumen would improve diagnostic accuracy. However, such scans may be difficult to achieve in clinical practice.
The majority of bladder lesions are considered cancer until proven otherwise. However, we report that a visual diagnosis of malignancy had 83.9% PPV following white light cystoscopy. In the setting of surveillance cystoscopy 99% of low grade bladder cancers were distinguishable from high grade cancers by urologists. 23 Cystoscopy is operator dependent and when it is performed by a more experienced cystoscopist, specificity would be higher. Thus, it is essential that suspicious bladder lesions be biopsied due to the high likelihood of malignancy. Bladder biopsy could be performed by flexible cystoscopy at the initial diagnosis, which could reduce the need for general anesthesia.
There are several limitations to this study. While we did not identify any UTUC that presented as microscopic hematuria, it is plausible that these patients might have initially presented with microscopic hematuria if screening for microscopic hematuria had been performed, although this is not recommended by any consensus. While sonographers normally visualize the renal tract with the bladder distended to adequately visualize the bladder, this was not performed in all cases. Similarly bladder assessment was limited on some CTU scans when contrast medium did not opacify the bladder or the artefact was due to metalwork in the pelvis. To account for such suboptimal scans we excluded these scans to determine the diagnostic accuracy of imaging to identify bladder cancer. Additionally, we could not determine the sensitivity of cystoscopy since we were unable to determine whether tumors were missed because patients with normal cystoscopy findings were discharged home and did not undergo a repeat test.
CONCLUSIONS
Our results suggest that CTU can safely be replaced by RBUS to image the upper tracts in conjunction with cystoscopy as part of investigations following a presentation of microscopic hematuria. The risk of UTUC in patients with microscopic hematuria is extremely low and RBUS can identify renal parenchymal cancer with high sensitivity. When renal calculi is suspected, noncontrast CT of the kidneys, ureters and bladder with RBUS or CTU is necessary. Cystoscopy remains the diagnostic test of choice to detect bladder cancer.
This study by Tan et al is a post hoc analysis of 3,556 patients enrolled in the DETECT I prospective multicenter observational study. 1 Their goal was to determine whether RBUS could replace CTU for the investigation of patients with microscopic hematuria. The authors found that RBUS can safely replace CTU in patients with microscopic hematuria but CTU should be done to investigate gross hematuria.
The authors present a timely analysis which adds to the current evidence base for the evaluation of hematuria. Many urological associations and medical groups already recommend RBUS for the initial evaluation of microscopic hematuria but the level and grade of evidence of these recommendations is low (reference 2 in article). This analysis from DETECT I will increase that level of evidence and not only reassure surgeons who currently practice that recommendation but it should also challenge us to revise and unify guidelines for the evaluation of these patients.
As the authors point out, in an ideal world every patient would be investigated with the best test. However, in the case of microscopic hematuria, for which the incidence of UTUC is low and there is a financial and health cost to CTU, these results justify the trade-off in recommending RBUS as the initial investigation.
IDENTIFY (Investigation and DEtection of urological Neoplasia in paTIents reFerred with suspected urinary tract cancer: a multicentre analYsis) is another prospective, multicenter, observational study of patients presenting with hematuria that is scheduled to complete accrual in late 2018. 2 This study will likely shed additional prospective light on this important issue and in combination with DETECT I facilitate international consensus on the optimal evaluation strategy in patients with hematuria.
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